We report nine species, eight of which are new, of cryptogonimids belonging to Siphoderina Manter, 1934 from the intestine and pyloric caeca of five species of Lutjanidae (Lutjanus adetii, L. argentimaculatus, L. carponotatus, L. fulviflamma and L. russelli) and one species of Haemulidae (Plectorhinchus gibbosus) recovered from Heron and Lizard Islands off the Great Barrier Reef, Moreton Bay and Ningaloo Reef in Western Australia. We also report the metacercariae of two species from an atherinid fish, Atherinomorus capricornensis, from near Heron Island. Morphological analysis of the species reported here was augmented by DNA sequence analyses utilizing data from the internal transcribed spacers (ITS) 1 and 2, large subunit (LSU) and 5.8S nuclear ribosomal DNA to explore the integrity of the species and their biogeographic distributions. The analysis found strong support for the integrity of Siphoderina and found that it is the sister-taxon to Beluesca Miller et Cribb, 2007. Sequencing included multiple replicates and no intraspecific variation was observed between any of the taxa over the rDNA regions examined. Sequence data from the ITS and LSU regions were analysed with that of species of Beluesca, Caulanus Miller et Cribb, 2007, Chelediadema Miller et Cribb, 2007, Latuterus Miller et Cribb, 2007, Neometadena Hafeezullah et Siddiqi, 1970 and Retrovarium Miller et Cribb, 2007 which all also infect lutjanids or haemulids. Some closely related species of Siphoderina infect only distantly related fishes among the haemulids and lutjanids whereas others form clusters in association with clusters of closely related lutjanids. This pattern suggests a history of some co-evolutionary divergence together with significant host switching. Pseudallacanthochasmus Velasquez, 1961 is considered a synonym of Siphoderina and the new combinations S. grandispinus (Velasquez, 1961) n. comb. and S. magnivesiculum (Gaevskaya et Aljoshkina, 1985) n. comb. are proposed. As a result of the new species described here and these new combinations, Siphoderina now contains 43 species, making it by far the largest genus of the Cryptogonimidae.
Introduction
The Cryptogonimidae Ward, 1917 is a large, cosmopolitan family of trematodes consisting of over 200 species that almost always inhabit the intestine or pyloric caeca of their definitive hosts. First intermediate hosts for these species include gastropods of the superfamilies Cerithioidea and Rissooidea (Cribb et al. 2001) , and second intermediate hosts are small teleosts. Definitive hosts for cryptogonimids include some reptiles and rarely amphibians, but freshwater and particularly marine teleosts are the dominant host groups. donia. Because of the lack of distinguishing characters between species of Siphoderina and Paracryptogonimus Yamaguti, 1934 the genera were synonymised by Miller and Cribb (2008) with Paracryptogonimus as the junior synonym based on the date of publication. This synonymy led to the proposed recombination of 27 species of Paracryptogonimus with Siphoderina.
Twenty-one species of Siphoderina have been reported from the Indo-Pacific and nineteen of these have been described from species of Lutjanidae or Haemulidae: S. acanthostomus (Yamaguti, 1934) was described by Yamaguti (1934) from Lutjanus vitta off Japan; S. apharei (Yamaguti, 1970) was described by Yamaguti (1970) from Aphareus rutilans off Hawaii; S. asiatica Gu et Shen, 1979 was described by Gu and Shen (1979) from L. fulviflamma off China; S. brevicaeca (Nahhas, Tran et Nguyen, 2003) was described by Nahhas et al. (2003) from L. fulvus off Fiji; S. catalae (Durio et Manter, 1969) was described by Durio and Manter (1969) from an unidentified Lutjanus species off New Caledonia; S. echinostomus (Oshmarin, Mamaev et Parukhin, 1961) was described by Oshmarin et al. (1961) from Pristipomoides typus from the Gulf of Tonkin; S. hirastricta (Manter, 1963) was described by Manter (1963) from an unidentified lutjanid locally called "damu" (the local name damu refers to L. argentimaculatus) off Fiji; S. manilensis (Velasquez, 1961) was described by Velasquez (1961) from L. vitta off the Philippines (this species is currently being transferred to a new genus based on the reevaluation of type-material and specimens recovered from L. vitta off the Great Barrier Reef and, T.L. Miller and T.H. Cribb, unpubl. data) ; S. longitestis (Durio et Manter, 1969) was described by Durio and Manter (1969) from an unidentified Lutjanus species off New Caledonia, but is considered incertae sedis as it was described from distorted specimens and superficially resembles species of a new genus of cryptogonimid currently being described from hosts of the same family off the Great Barrier Reef (T.L. Miller and T.H. Cribb, unpubl. data) ; S. lutiani (Wang, 1991) was described by Wang (1991) from L. vitta off China; S. lutjani (Saoud, Ramadan et Al Kawari, 1988) was described by Saoud et al. (1988) from L. fulviflamma off Qatar; S. onaga (Yamaguti, 1970) was described by Yamaguti (1970) from Etelis carbunculus off Hawaii; S. paracatalae Durio et Manter, 1969 was described by Durio and Manter (1969) from an unknown species of Lutjanus off New Caledonia; S. provitellosus (Durio et Manter, 1969 ) was described by Durio and Manter (1969) from Lutjanus fulvus off New Caledonia; S. ramadani (Nahhas, Sey et Nishimoto, 1998) was described by Nahhas et al. (1998) from L. fulviflamma off the Kuwaiti coast of the Arabian Gulf; S. sootai (Hafeezullah, 1975) was described by Hafeezullah (1975) from an unidentified species of Lutjanus from the Bay of Bengal off India; S. testitactus (Durio et Manter, 1969) was described by Durio and Manter (1969) from an unknown species of Lutjanus off New Caledonia; S. ulaula (Yamaguti, 1970) was described by Yamaguti (1970) from Etelis marshi (now E. carbunculus) off Hawaii; and S. xiamenensis (Liu, 1996) was described by Liu (1996) from L. russelli off China.
Siphoderina americanus (Manter, 1940) was described by Manter (1940) from L. novemfasciatus off the Galapagos. Specimens identified as this species were reported from L. johnii off India by Hafeezullah and Siddiqi (1970) , but the report is doubtful as no description was provided and one of the key morphological features, oral spine number, could not be ascertained as most were lost, so the record of this species from the Indo-West Pacific is not recognised here.
Although many species of Siphoderina are known from teleosts in the Indo-West Pacific, the only report from Australian waters was of a specimen identified to genus in Lester and Sewell (1989) from Lutjanus carponotatus off Heron Island on the Great Barrier Reef (GBR). Here we report nine species (eight of which are new) of Siphoderina recovered from lutjanids and haemulids at Heron and Lizard Islands on the GBR, Moreton Bay, Queensland and Ningaloo Reef in Western Australia. Additionally, we report metacercariae recovered from a second intermediate host for two of the species. We augment our morphologically based taxonomic approach with analysis of multiple ribosomal DNA regions, the large subunit (LSU), 5.8S and internal transcribed spacers 1 and 2 (ITS1 and ITS2), to explore the integrity of these species and their biogeographic distributions among the Indo-West Pacific localities sampled. Relationships of the species of Siphoderina reported here relative to other cryptogonimid taxa for which DNA sequence data was available (Miller and Cribb 2007b, c, d) was assessed by minimum evolution analysis of a combined (ITS and LSU) dataset.
Materials and methods

Host and parasite collection
Fishes were collected using baited line, seine or spear from the following localities: Heron Island (23°26´S, 151°54´E) in the southern GBR, Lizard Island (14°40´S, 145°27´E) in the northern GBR, Moreton Bay (27°23´S, 153°26´E), Queensland and Ningaloo Reef (21°54´S, 113°58´E), Western Australia. Fish were killed by neural pithing and the intestine immediately removed, washed in vertebrate saline (0.85%), and examined for the presence of endohelminths. Trematodes were washed in saline and killed by pipetting them into nearly boiling saline. Specimens for morphological analysis were then stored in 10% formalin and specimens for DNA extraction and analysis were stored in 95-100% ethanol at -20°C.
Morphological and molecular sample processing
Specimens for morphological and molecular analysis (DNA extraction, amplification of the large subunit (LSU) and internal transcribed spacer (ITS) nuclear ribosomal DNA regions, and sequencing) were processed according to the protocols reported by Miller and Cribb (2007b, d) . GenBank accession numbers for all taxa sequenced in this study are provided in Table I . The consensus sequences for each taxon utilized in this study were constructed from multiple replicates (each 345 OEl¹ski replicate being both a forward and reverse sequence from a single individual from different infections when possible) from different host/parasite/location combinations whenever possible.
All measurements were made using an ocular micrometre and are in micrometres with the mean followed by the range in parentheses. Type-specimens were deposited in the Queensland Museum, Brisbane, Australia.
Comparative DNA analyses
The ITS and LSU rDNA regions from taxa sequenced in this study were initially aligned using ClustalX version 1.83 (Thompson et al. 1997) under the following parameters: pairwise alignment parameters = gap opening 10.00, gap extension 0.10, DNA weight matrix International Union of Biochemistry (IUB); multiple alignment parameters = gap opening 10.00, gap extension 0.20, delay divergent sequences 30%, DNA weight matrix IUB. The resulting sequence alignments were exported from ClustalX in FASTA and NEXUS formats, and refined by eye using MacClade version 4.08 (Maddison and Maddison 2005) . After alignments of the rDNA regions were edited, the ends of each fragment were trimmed to match the shortest sequence in the alignment. Distance matrices for the rDNA regions were constructed with the absolute pairwise character difference and the percentage of uncorrected "p" pairwise character differences. Pairwise comparisons of absolute sequence divergence for all taxa were calculated with gaps treated as missing data.
The ITS and LSU rDNA regions for species of Siphoderina were also aligned with those reported for species of the cryptogonimid genera Beluesca Miller et Cribb, 2007 , Caulanus Miller et Cribb, 2007 , Chelediadema Miller et Cribb, 2007 , Latuterus Miller et Cribb, 2007 , Neometadena Hafeezullah et Siddiqi, 1970 , and Retrovarium Miller et Cribb, 2007 by Miller and Cribb (2007b for comparative purposes and to explore levels of interspecific variation. The ITS and LSU rDNA regions were then combined and assigned partitions in a single NEXUS file. Minimum evolution analyses of the combined (ITS and LSU) dataset of these taxa was performed using PAUP* version 4.0b10 (Swofford 2003) . Nodal support was inferred by bootstrap analysis using a heuristic search of 10,000 replicates.
Results
A total of 604 lutjanids and 69 haemulids were collected from the four localities sampled (Miller and Cribb 2007b, d) . This consisted of 350 lutjanids (13 spp.) and 56 haemulids (5 spp.) from Heron Island, 206 lutjanids (20 spp.) and 12 (4 spp.) haemulids from Lizard Island, 38 lutjanids (4 spp.) from Moreton Bay and 10 lutjanids (6 spp.) and 1 haemulid from Ningaloo Reef.
Family Cryptogonimidae Ward, 1917 Genus Siphoderina Manter, 1934 Type-species: S. brotulae Manter, 1934 (Synonyms: Lappogonimus Oshmarin, Mamaev et Parukhin, 1961; Paracryptogonimus Yamaguti, 1934; Pseudallacanthochasmus Velasquez, 1961, new synonym) Siphoderina hirastricta (Manter, 1963 mid-hindbody, 235 (192-307) × 229 (195-256) . Seminal vesicle saccular, between ovary and ventral sucker. Genital pore immediately anterior to ventral sucker. Ovary deeply lobed, immediately anterior to testes, 197 (144-243) × 247 (192-285 
Remarks
These specimens, from L. argentimaculatus agree nearly completely with Manter's (1963) description of Siphoderina hirastricta from an unidentified lutjanid locally called "damu". The only potential difference is in the number of oral spines Manter (1963) reported (Table II) . He stated that there were about 80-94 oral spines present in this species, but 67 spines are shown in the figure he provides, which is consistent with the number of oral spines present in the Great Barrier Reef specimens. "Damu" is the local Fijian name given to L. argentimaculatus, the same host as of these specimens, which were only found in L. argentimaculatus. Therefore, they are recognized here as S. hirastricta.
Siphoderina hirastricta differs from the remaining species of Siphoderina sequenced here by 27-51 base pairs (bp) (3.2-6.1% sequence divergence) in the ITS rDNA region and by 14-41 bp (1.6-4.8% sequence divergence) in the LSU rDNA region.
Siphoderina poulini sp. nov. (Fig. 2 Etymology: The epithet poulini is for Professor Robert Poulin in recognition of his contributions to parasitology and the understanding of parasite ecology and evolution.
Remarks Siphoderina poulini sp. nov. is morphologically similar to S. hirastricta, also found in L. argentimaculatus, but can be easily distinguished from it in that it has fewer oral spines (46-54) than S. hirastricta (57-77) and the vitelline follicles are nearly confluent dorsal to the ovary. This species can be distinguished from the remaining species of Siphoderina by the combination of body size, oral spine number (Table V) and host specificity (this species was only recovered from L. argentimaculatus).
Siphoderina poulini differs from the remaining species of Siphoderina sequenced here by 44-58 bp (5.3-7% sequence divergence) in the ITS rDNA region and by 32-42 bp (3.7-4.9% sequence divergence) in the LSU rDNA region.
This species was recovered only from Moreton Bay and Heron Island, whereas the only other species of Siphoderina found in L. argentimaculatus, S. hirastricta was found only at Lizard Island. However, the sample sizes of L. argentimaculatus at these sites (Heron Island = 4, Lizard Island = 5 and Moreton Bay = 3) are probably insufficient to allow strong confidence that these two species are non-overlapping in their biogeographical ranges. Etymology: The epithet jactus is derived from the Latin jactus, meaning hurled, thrown or cast, referring to the many spears that were hurled at the hosts of this species. It stands as a noun in apposition.
Siphoderina jactus
Remarks Siphoderina jactus sp. nov. can be distinguished from all other species of Siphoderina by the combination of body size, oral spine number (Table V) , oral spine length, the prepharynx being almost always longer than the oesophagus and the apparently restricted host distribution (L. carponotatus and L. fulviflamma). Three other Siphoderina species were recovered from L. carponotatus or L. fulviflamma on the Great Barrier Reef during this survey (S. infirma sp. nov., S. quasispina sp. nov. and S. territans sp. nov.), but all are easily distinguished from S. jactus; S. infirma is nearly twice as large; S. quasispina has an elongate body, distinctly oblique testes and much fewer oral spines; S. territans has distinctly more oral spines.
Siphoderina asiatica, also reported from L. fulviflamma, differs from S. jactus in the number of oral spines (65-74) and in having the vitelline follicles in two lateral groups which are not nearly confluent in midbody. Nahhas et al. (1998) reported S. ramadani from L. fulviflamma from the Arabian Gulf and in the description they stated that up to 60 oral spines were Siphoderina jactus differs from the remaining species of Siphoderina sequenced here by 21-53 bp (2.5-6.4% sequence divergence) in the ITS rDNA region and by 5-34 bp (0.6-4% sequence divergence) in the LSU rDNA region. (Fig. 4 (Table V) , vitelline follicle distribution, testes size and restricted host distribution (L. carponotatus).
Metacercaria
Siphoderina territans differs from the remaining species of Siphoderina sequenced here by 21-52 bp (2.5-6.2% sequence divergence) in the ITS rDNA region and by 5-37 bp (0.6-4.9% sequence divergence) in the LSU rDNA region. Etymology: The epithet virga is derived from the Latin virga, meaning twig or rod, referring to the only method these hosts could be collected, which was using a fishing rod. It stands as a noun in apposition.
Siphoderina virga
Remarks Siphoderina virga sp. nov. can be distinguished from all other Siphoderina species by the combination of body size, oral spine number (Table V) , vitelline follicle distribution and the prepharynx and oesophagus being of nearly equal length. Siphoderina virga can be distinguished from S. acanthostomus, also reported from L. vitta, by the smaller body size (half the size of S. acanthostomus), the prepharynx and oesophagus being of nearly equal length (prepharynx longer than oesophagus in S. acanthostomus) and the vitelline follicles extending to the anterior margin of the ventral sucker and being nearly confluent dorsal to the ovary (the vitelline follicles are distinctly lateral and only extend to the posterior margin of the ventral sucker in S. acanthostomus). Siphoderina lutiani was also reported from L. vitta by Wang (1991) , but is easily distinguished from S. virga because it has 58-60 oral spines, the ovary is apparently entire and the vitelline follicles extend well anterior to the intestinal bifurcation. Siphoderina xiamenensis, reported from L. russelli, is distinguished from S. virga by the distribution of the vitelline follicles, which extend from the anterior margin of the testes to the pharynx.
Siphoderina virga differs from the remaining species of Siphoderina sequenced here by 21-58 bp (2.5-7% sequence divergence) in the ITS rDNA region and by 5-39 bp (0.6-4.6% sequence divergence) in the LSU rDNA region.
Siphoderina infirma sp. nov. (Fig. 7) Description: Based on 2 specimens. Body elongate oval, longer than wide, 2076 (1928-2224 Etymology: The epithet infirma is derived from the Latin infirmus, meaning weak, feeble or infirm, referring to the oral spines of this species, which can be easily lost during preparation and stands as an adjective.
Remarks Siphoderina infirma sp. nov. can be distinguished from all other Siphoderina species by the combination of the relatively large body size, the prepharynx and oesophagus being of nearly equal length and the vitelline follicles being distinctly lateral. The oral spines of this species were easily lost postmortem, so the actual number present could not be ascertained.
Siphoderina infirma differs from the remaining species of Siphoderina sequenced here by 24-55 bp (2.9-6.4% sequence divergence) in the ITS rDNA region and by 5-30 bp (0.6-3.7% sequence divergence) in the LSU rDNA region.
Siphoderina subuterus sp. nov. (Fig. 8 Etymology: The epithet subuterus is derived from the Latin sub, meaning under or beneath and the Latin uterus, meaning uterus, referring to the uterus of this species, which is distributed mainly posterior to the testes. It stands as a noun in apposition.
Remarks Siphoderina subuterus sp. nov. can be distinguished from all other species of Siphoderina by the combination of body size, oral spine number (Table V) , distribution of the vitelline follicles which extend from near the posterior margin of the testes to slightly anterior to the ovary, and the distribution of the uterus, which is mainly in the hindbody posterior to the testes.
Five other species of Siphoderina have the uterus distinctly confined to the region posterior to the testes, S. ackerti, (Watson, 1976 Cribb, 2008 , all of which can be easily distinguished from S. subuterus based on the following characteristics: S. ackerti has fewer oral spines (33), the vitelline follicles extend from the anterior margin of the testes to the ventral sucker and this species has only been reported from a haemulid from Lake Nicaragua; S. centropomi is smaller, the vitelline follicles are distributed from the anterior margin of the testes to the ventral sucker and the host reported for this species is a centropomid from Puerto Rico; S. microvata is smaller, has fewer oral spines, the testes are distinctly intercaecal and the vitelline follicles extend from the anterior margin of the testes to slightly anterior to the ventral sucker; S. neoamericanus has fewer oral spines; S. olmecus is much smaller and has a double crown of about 40 oral spines.
Siphoderina subuterus differs from the remaining species of Siphoderina sequenced here by 49-56 bp (5.9-6.7% sequence divergence) in the ITS rDNA region and by 29-37 bp (3.4-4.3% sequence divergence) in the LSU rDNA region.
Siphoderina grunnitus sp. nov. (Fig. 9) Description: Based on 7 specimens. Body oval, longer than wide, 703 (540-894) × 418 (312-517); length/width ratio 1.7 (1.5-1. Etymology: The epithet grunnitus is derived from the Latin grunnitus, meaning grunting, referring to the common name (grunts) of the family of fishes (Haemulidae) to which this species is apparently restricted. It stands as a noun in apposition.
Remarks
Siphoderina grunnitus sp. nov. is distinguished from all other species of Siphoderina by the combination of body size, oral spine number (Table V) , the oral sucker being distinctly wider than long, the ventral sucker being wider than long, the vitelline follicles being confluent in the region between the ovary and ventral sucker and the host distribution (Haemulidae).
Siphoderina grunnitus differs from the remaining species of Siphoderina sequenced here by 27-50 bp (3.2-6% sequence divergence) in the ITS rDNA region and by 14-35 bp (1.6-4.1% sequence divergence) in the LSU rDNA region.
Siphoderina quasispina sp. nov. (Fig. 10 Etymology: The epithet quasispina is derived from the Latin quasi, meaning 'appearing as if' and the Latin spina, meaning spine, referring to the resemblance of this species to Siphoderina grandispinus (Velasquez, 1961) n. comb. It stands as a noun in apposition.
Remarks Siphoderina quasispina sp. nov. can be distinguished from all other Siphoderina species by the combination of body size, the elongate body, oral spine number ( Table V ) and testes that are strongly oblique to nearly tandem. This species is remarkably similar in oral spine number, body shape and testes arrangement to Pseudallacanthochasmus grandispinus Velasquez, 1961, which was described by Velasquez (1961) from an unidentified species of Lutjanus from the Philippines; a new genus Pseudallacanthochasmus Velasquez, 1961 , was proposed because the testes were tandem. A second species, P. magnivesiculum (Gaevskaya et Aljoshkina, 1985) was described by Gaevskaya and Aljoshkina (1985) from the sparid Dentex canariensis in the eastern Atlantic and transferred to Pseudallacanthochasmus based on morphological agreement (Miller and Cribb, 2008) . The specimens of S. quasispina recovered from the Great Barrier Reef generally have testes that are arranged from strongly oblique to tandem (Fig. 10B-D) , similar to species of Pseudallacanthochasmus. Differences between S. quasispina and P. grandispinus are that P. grandispinus is larger, the vitelline follicles extend to near the intestinal bifurcation and the excretory vesicle extends to the oral sucker. Siphoderina quasispina differs from P. magnivesiculum in that the vitelline follicles of the latter only extend to halfway between the ovary and ventral Digenea, Cryptogonimidae) sucker and the prepharynx is very small or absent. Analyses of rDNA data from S. quasispina place it unambiguously among the other species of Siphoderina considered here ( Fig. 12 ; Tables III and IV) . Based on the evidence from the molecular data and the morphological similarities between S. quasispina and species of Pseudallacanthochasmus, which are here considered intra-rather than intergeneric variation, Pseudallacanthochasmus is here considered a junior synonym of Siphoderina. The new combinations of Siphoderina grandispinus (Velasquez, 1961) n. comb. and S. magnivesiculum (Gaevskaya et Aljoshkina, 1985) n. comb. are thus proposed.
Siphoderina quasispina differs from the remaining species of Siphoderina sequenced here by 21-55 bp (2.5-6.6% sequence divergence) in the ITS rDNA region and by 10-36 bp (1.2-4.2% sequence divergence) in the LSU rDNA region. Locality: Heron Island, Great Barrier Reef (23°26´S; 151°54´E), Queensland, Australia.
Metacercaria (Fig
Site: Flesh and body cavity. Prevalence: 3 of 28 (11%). Deposition of specimens: vouchers G230327-230328.
Molecular data
ITS rDNA
Variation in the 5' half of the ITS1 made alignment in this region between the taxa examined here impossible, so only 357   Table III . Pairwise character differences in the ITS rDNA region of species of Siphoderina Manter, 1934 sequenced in this study. Values below the diagonal are the total number of base differences and above the diagonal is the percentage of uncorrected "p" pairwise differences. No intraspecific variation was detected in any species the 3' half of the ITS1 were included as in Miller and Cribb (2007b) , because this region was easily alignable. Alignment of the ITS dataset, which included the 3' end of the ITS1, the entire 5.8S and ITS2 and 13 bp of the 5' end of the LSU yielded 871 characters for analysis. Genetic variation in the ITS dataset between species of Siphoderina is shown in Table III .
No intraspecific variation was observed in any of the taxa sequenced over the ITS rDNA region.
LSU rDNA
Sequencing of the LSU rDNA yielded an average of approximately 870 bp for all taxa. The aligned and trimmed sequences incorporated a total of 860 characters (base pairs and gaps) for analysis. Interspecific variation in the number of base pair differences observed between species of Siphoderina over this region is shown in Table IV . No intraspecific variation was observed in any of the taxa sequenced over the LSU rDNA region. Minimum evolution analysis (ME score = 950.05) of the combined ITS and LSU dataset resulted in a phylogram in which species of Siphoderina formed a clade that was sister to species of Beluesca (Fig. 12) . Chelediadema marjoriae Miller et Cribb, 2007 and species of Retrovarium formed a well resolved clade that was sister to the remainder of the taxa 358   Table V . Presently recognised species of Siphoderina ordered by ascending number of oral spines. The original description of each species and the host family that species was reported in is used. This list does not include species listed as species incertae sedis here or in Miller and Cribb (2008) analysed. Nodal support was relatively high for the observed clades.
Discussion
Intra-and intergeneric relationships
The generic relationships inferred from minimum evolution analysis of ITS and LSU rDNA data for the cryptogonimid taxa included here found that all the species of Siphoderina formed a distinct clade, implying that the morphological characters used to define Siphoderina are reliable. The caveat to this conclusion is the fact that many species of Siphoderina, including the type-species, have not yet been analysed. The relationships inferred here parallel those from previous analyses (Miller and Cribb 2007d) in that all the genera recognized by morphology were well resolved by the molecular data. Siphoderina was identified as the sister-taxon to the two species of Beluesca which are both reported only from haemulid fishes on the Great Barrier Reef. The two genera differ in forebody length (c. 1/2-1/3 body length in species of Beluesca), seminal receptacle position, vitelline follicle distribution and oral spine size.
Sequence variation observed among species of Siphoderina is similar to that reported for other cryptogonimid taxa (Miller and Cribb 2007b, c, d ). There were substantial numbers of differences between all combinations of species for both the ITS and LSU rDNA regions. There were only five base pair differences beween Siphoderina virga and S. territans and between S. jactus and S. infirma for the LSU region, but both combinations of species differed by more than 20 base pairs for the ITS rDNA region. Overall there is strong agreement between the molecular and morphological results for this genus and the lack of intraspecific molecular variation is a further positive sign of the reliability of these data in this system.
Whereas phylogenetic analysis supports genus-level classification inferred from morphology, we found no useful correlation between morphology and the clades of species of Siphoderina inferred from phylogenetic analysis. Thus, the most distinctive species analysed here, S. quasispina because of its elongate body and relatively few ovarian lobes and oral spines, is embedded in a well supported clade with S. infirma and S. jactus, which it does not especially resemble. Certainly none of the clades found here suggest any basis for further subdivision of the genus that would be supported by clear morphological grounds.
Host distribution
The inclusion of the eight new species of Siphoderina reported here brings the total number of species recognized in the genus to 43 (Table V) . Of these, 29 infect species of Lutjanidae, four are found in the Centropomidae, two in the Haemulidae and one each in the Cirrhitidae, Gobiidae, Lethrinidae, Nemipteridae, Ophidiidae, Rachycentridae, Sciaenidae and Sparidae. Lutjanids are clearly the dominant hosts for species of Siphoderina.
Host specificity of individual species varies from species that are apparently restricted to one or two host species to species that have been reported from multiple hosts and some from different families (Tables V and VI) . Most species of Siphoderina have been reported from only one or two hosts (Table VI) , suggesting that many may be strictly host specific. In some cases the implied specificity may be an artefact of incomplete collecting. However, six of the nine species of Siphoderina reported here from lutjanids and haemulids on the Great Barrier Reef were found in only a single fish species, despite the large number of individuals of other host taxa sampled (Miller and Cribb 2007b, d) . The other three species were found in two hosts, and in each of these instances, the hosts were relatively closely related (Fig. 13 ).
Six species of Siphoderina (S. acanthostomus, S. americanus, S. brotulae, S. grandispinus, S. leilae and S. microvata) have been reported from two or more different teleost families. Siphoderina leilae (Nagaty, 1957) was described by Nagaty (1957) as Metadena leilae Nagaty, 1957 from Lethrinus rostratus from the Red Sea off Egypt. The species was transferred to Paracryptogonimus by Manter (1963) because oral spines were detected in the paratypes. It was later reported by Saoud et al. (1988) from Lutjanus fulviflamma from the Arabian Gulf, but the specimens they report are morphologically identical to a species currently being transferred to a new genus (which is prevalent in L. fulviflamma), except for lacking oral spines (T.L. Miller and T.H. Cribb, unpubl. data) . Because oral spines are easily lost or overlooked in species of this new genus and the specimens reported by Saoud et al. (1988) agree morphologically with them, we conclude that the report of S. leilae from L. fulviflamma is a misidentification and is not recognized as being reported from this host here. Siphoderina acanthostomus has been reported from lutjanids (Yamaguti 1934 , Velasquez 1961 , Parukhin 1976 , Nahhas 2003 and terapontids (Yamaguti 1934) in the Indo-Pacific. Siphoderina americanus has been reported from 11 different host species including lutjanids (Manter 1940 , SogandaresBernal 1959 , Overstreet 1969 , Hafeezullah and Siddiqi 1970 , Fischthal 1977 , batrachoidiids (Yamaguti 1971) , centropomids (Lamothe-Argumedo 1969) and serranids (Fischthal 1977) Pacific oceans. Siphoderina brotulae has been reported from ophidiids (Manter 1934 (Manter , 1947 , lophiids (Manter 1934 (Manter , 1947 and lutjanids (Ocyurus chrysurus) (Dyer et al. 1992) . Lutjanids and haemulids are reported hosts for S. grandispinus (Velasquez 1961, Hafeezullah and Siddiqi 1970) ; the report of this species from the freshwater characiform Hoplias malabaricus in Brazil by Fortes et al. (1996) is implausible. Lastly, S. microvata (Tubangui, 1928) has been reported from gobiids and haemulids (Tubangui 1928) . The ability to infect such a wide range of distantly related hosts is exceptional within the Cryptogonimidae, certainly no such wide host distributions were encountered here. We think it at least possible that all the multiple family distributions reported above are the results of errors or misinterpretations of some kind. Comparison of the phylogenetic analysis of the species collected here (Fig. 12) with the phylogeny of lutjanid hosts (Fig. 13) shows a variety of apparent effects in the way that Siphoderina has radiated with its potential hosts. First, it is evident that numerous lutjanids remain uninfected with species of Siphoderina, at least within the area studied here. Of the 17 lutjanid and 2 haemulid species shown as having no species of Siphoderina in Figure 13 , 13 are known to be infected by species of other genera of the Cryptogonimidae within the same area. Thus, these fishes clearly have diets that are at least partly piscivorous, thus rendering them susceptible to infection with cryptogonimids. In addition, several lutjanids (e.g. Lutjanus argentimaculatus and L. russelli) have two species of Siphoderina which are by no means each other's closest relatives. We can conclude, therefore, that there has been no overall history of host-parasite co-evolution between Siphoderina and lutjanids. However, in contrast, lutjanids in the "black spot" complex of L. vitta, L. fulviflamma, L. monostigma, L. carponotatus and L. russelli are infected (a little erratically) by species of two clades, Siphoderina infirma + (S. jactus + S. quasispina) and S. territans + S. virga which have not been found in any lutjanids outside this clade. In combination these patterns suggests a history of some co-evolutionary divergence together with significant host switching. (Manter, 1934) reported here mapped onto the phylogeny of Indo-Pacific Lutjanidae produced by Miller and Cribb (2007a, b) . Species of Siphoderina in grey have been reported from other Indo-Pacific localities, but were not found at the localities examined here 
S. asiatica
Interpretation of this system is incomplete while so many of the species remain uncharacterised for their phylogenetic position. It is noteworthy that the lutjanid and haemulid species investigated here are the reported hosts of a further 8 species from other sites in the tropical Indo-Pacific (see below).
Biogeographic distribution
Species of Siphoderina are restricted to discrete biogeographic regions; no species has been reported reliably from more than one region. These regions are the (1) Indo-West Pacific, (2) eastern Pacific, (3) western Atlantic, (4) eastern Atlantic and (5) Mediterranean. Thirty species of Siphoderina have been described from fishes of the Indo-Pacific, five from the eastern Pacific, five from the western Atlantic, two from the eastern Atlantic and one from the Mediterranean. The distributions of many of these parasites coincide broadly with those of their reported hosts, which in many cases (particularly for species of Lutjanidae) are divided into similar biogeographically isolated faunas (Allen 1985, Froese and Pauly 2007) . Of the fish species reported to harbour species of Siphoderina, only Rachycentron canadum has a cosmopolitan distribution; it is thus possible that S. morosovi, which was reported from R. canadum, may also be widely distributed. Aiken et al. (2007) recently reported near cosmopolitan distributions for species of Sanguinicolidae (confirmed by comparative analysis of rDNA sequence data) in bluefin tuna (Thunnus spp.), so it is clear that trematodes of fishes can be widely distributed. Other cryptogonimid taxa have been recovered from localities separated by 9,000-15,000 kilometres (Miller and Cribb 2007b, c) in relatively site-attached hosts (lutjanids of the subfamily Lutjaninae) (Connell 1998, Connell and Kingsford 1998) , but all within the one biogeographical region. Of the species reported here, one is evidently distributed at least from Fiji to the Great Barrier Reef (S. hirastricta), one is distributed from Ningaloo Reef in Western Australia to the Great Barrier Reef (S. quasispina) and three are widespread on the Queensland coast (S. poulini, S. territans and S. virga).
Twenty-six of the 43 species of Siphoderina infect lutjanids and haemulids from the Indo-Pacific and some of these have apparently restricted distributions within that region. Two of the nine species reported from Australia here (S. infirma and S. jactus) are apparently restricted in their biogeographic distributions on the Great Barrier Reef because they were only found at one of the two localities (Heron and Lizard Islands) despite examination of many individuals of the hosts known to harbour these species from both localities (Table  VII) . Although because of its low prevalence in the system, it is possible that S. infirma went undetected at the other sites. The others were either found at one or multiple localities, but not enough individuals of the lutjanids or haemulids known to harbour these species were examined from the other localities to confidently assert that they are absent from all these localities. Many of the species of lutjanids reported as hosts here have been reported as hosts for other trematodes including cryptogonimids at other localities, but only S. hirastricta has been previously reported from outside the Great Barrier Reef. Eight species of Siphoderina have been reported from other sites in the Indo-Pacific from the lutjanid species examined here without being found in the present study (Fig. 13) . Of these eight, only S. acanthostomus has been reported from more than one locality. Overall the depth of sampling of this genus is probably inadequate to give a sense of the nature of the distribution of individual species.
Prevalence
This study recorded 15 host/parasite/locality combinations. The prevalences in these combinations ranged from 2% (1 of 60 Lutjanus carponotatus infected with S. infirma at Lizard Island) to 100% (a single Plectorhinchus gibbosus infected at Lizard Island). For the 10 samples where at least 10 host individuals had been examined, the highest prevalence was 76% (16 of 21 L. russelli infected in Moreton Bay). This was the only such infection for which the prevalence was over 50%.
The mean prevalence where host number $10 was 29% and two prevalences were well under 10%. We conclude therefore 362   Table VII . Species of Siphoderina with apparently restricted biogeographic distributions on the Great Barrier Reef. The sample size and locality of each host species found to harbour the cryptogonimid species are listed. The observed prevalence of the cryptogonimid taxa recovered in each host at each locality they were found is shown Locality Individuals S. jactus S. infirma sampled
